Latin American Journal of Aquatic Research,
47(1): 65-77,
2019
Evaluation
of immunomodulatory
drugs in Argopecten ventricosus
DOI: 10.3856/vol47-issue1-fulltext-8

65

Research Article

Effect of immunomodulatory medication over the general response of juvenile
Catarina scallop (Argopecten ventricosus Sowerby II, 1842)
Jesús Antonio López-Carvallo1, Guadalupe Fabiola Arcos-Ortega1, Dariel Tovar-Ramírez1
Miguel Ángel Hernández-Oñate2, Fernando Abasolo-Pacheco3
José Luis García-Corona1 & José Manuel Mazón-Suástegui1
1
Centro de Investigaciones Biológicas del Noroeste, La Paz, B.C.S., México
2
CONACYT, Centro de Investigación en Alimentación y Desarrollo A.C, Hermosillo, Sonora, México
3
Universidad Técnica Estatal de Quevedo, Quevedo, Los Ríos, Ecuador
Corresponding author: José Manuel Mazón-Suástegui (jmazon04@cibnor.mx)

ABSTRACT. The future of the bivalve mollusk production sector worldwide is still challenged by emergence
and propagation of new diseases, mainly vibriosis, and the conventional methods that have been used to
eradicate pathogens from hatcheries, such as antibiotics and chemotherapies have shown collateral effects. In
order to reduce the use of conventional methods, homeopathy for aquaculture emerges as a novel solution to
strengthen marine organism’s defense against diseases. This study evaluated the effect of five homeopathic
treatments on the immunomodulatory response and general condition index of Argopecten ventricosus juveniles,
used as model organisms due to their susceptibility to vibriosis compared to other commercial bivalves. The
experimental design included three replicates of five homeopathic treatments at decimal (D) or centesimal (C)
dynamization (T1: ViA 1D + ViP 1D, T2: ViA 7C + ViP 7C, T3: AcF 1D + MsS 1D, T4: PhA 7C + SiT 7C and
T5: ViT 31C) and three control groups (C1: Dynamized Ethanol (1C), C2: Diluted Ethanol (1:99) and C3: No
medication). The maximum immunomodulatory response was attributed to treatments T1 and T2 with the
highest increase in hemocyte count, catalase activity in mantle and superoxide dismutase activity in gills,
followed by treatments T3 and T5. Treatment T4 did not show a definite effect on an immune response but
increased energetic reserves in the mantle, muscle and the digestive gland, important storage tissues in mollusk
bivalves. This study has demonstrated that some homeopathic treatments can activate an immunomodulatory
response and improve the general condition index in A. ventricosus.
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INTRODUCTION
The future of the bivalve mollusk production sector
worldwide is still challenged by the emergence and
propagation of new diseases that are strongly
influenced by water temperature increase due to global
warming (Murray et al., 2012; Wendling et al., 2014;
Semenza et al., 2017) and organism mobilization
(Murray et al., 2012). The main limiting factor for
hatchery spat production in sea bivalves is the high
mortality associated with the disease caused mainly by
Vibrio spp, and moreover, by Aeromonas spp. in earlystage development (Kesarcodi-Watson et al., 2008;
Sivasankar et al., 2017; Stentiford et al., 2017).
Conventional methods such as antibiotics have been
__________________
Corresponding editor: César Lodeiros

used to combat diseases by attacking pathogenic bacteria,
but they negatively affect beneficial gastrointestinal
microbiota (Romero et al., 2012), and their prolonged
use generates antibiotic resistance in more pathogenic
bacterial strains (Lawrence & Jeyakumar, 2013). Even
governments and organizations in different parts of the
world have been restricting the use of antibiotics in
animal production (Kesarcodi-Watson et al., 2008), but
at the same time, there is an increasing need for finding
alternative ways to control microbial diseases in
aquaculture.
To avoid the massive use of antibiotics, scientists
have been searching for sustainable alternatives as
immunostimulant (Wang et al., 2017) with probiotics
(Prado et al., 2010; Abasolo-Pacheco et al., 2017),
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antimicrobial essential oils (Romero et al., 2012),
inhibition of virulence genes expression in pathogenic
bacteria (Dubert et al., 2017) and recently proposed
homeopathic drugs (Mazón-Suástegui et al., 2017).
Homeopathy, an innocuous and eco-friendly
alternative, has been proposed to strengthen biological
systems against diseases and uses dilutions from
decimal (low-dilution) to millesimal (very highdilution) potencies (Bellavite & Signorini, 2002).
Homeopathy has been considered a pioneer in nanomedicine application for human health because even in
high-dilution homeopathic drugs, nanoparticles of the
original compound have been found (Bell et al., 2013).
The action mode of these drugs depends on the potency
of the homeopathic drug. Low dilutions effects are
attributed to high diluted molecules and nanoparticles,
while high dilutions effects are attributed to
nanoparticles and electromagnetic fields (Bellavite et
al., 2014a). These signals or molecules generates
endogenous amplification that include hormesis
(phenomena where a compound at high concentrations
produce a harmful effect and at low concentration, a
beneficial effect), time-dependent sensitization and
stochastic resonance process (Bell et al., 2013;
Bellavite et al., 2014b). Homeopathic drugs have been
previously used in animals, plants, humans and in vitro
research (Bellavite & Signorini, 2002; Bellavite et al.,
2014b), showing encouraging results in the activation
of the immune response, stress reduction, nutrient
assimilation increase and as growth promoters
(Bellavite & Signorini, 2002; Bellavite et al., 2006;
Camerlink et al., 2010; Merlini et al., 2014; Dias-Neto
et al., 2017). Most studies have been done in humans,
while for aquatic organisms, information is scarce. Nile
tilapia Oreochromis niloticus has been the most studied
aquatic species in the evaluation of homeopathic drugs
effect. Researches have been reported changes for O.
niloticus in lipid metabolism (Andretto et al., 2014),
stress reduction (Merlini et al., 2014), survival (DiasNeto et al., 2017) and growth (Merlini et al., 2014)
when organisms are treated with homeopathic
complexes.
Recently, homeopathic drugs formulated from
silica, phosphoric acid, Vidatox® (Havana, Cuba) and
pathogenic bacteria have been successfully used in
marine organisms to improve and strength their
immune systems (Ortiz-Cornejo et al., 2017). In
mollusks, homeopathic drugs have been used as a novel
solution to aid overpass bacterial attack by improving
immune response. In Catarina scallop Argopecten
ventricosus, spat improved survival and increased
superoxide dismutase (SOD) activity when challenged
against Vibrio alginolyticus, a highly pathogenic
bacteria (Mazón-Suástegui et al., 2017), suggesting that

homeopathic drugs have immunological properties and
potential protection against vibriosis. Nonetheless,
current scientific knowledge of the use of homeopathic
drugs in marine bivalves and their implication in the
antioxidant system and general condition is scarce.
This study aimed to determine the effect of five
homeopathic treatments, that previously shown an
immunomodulatory response (Ortiz-Cornejo et al.,
2017), on growth, antioxidant system, hemocytes count
and general condition index in Catarina scallop
juveniles under laboratory conditions. This pectinid
species was selected as marine bivalve model because
it is an important resource in the Baja California
Peninsula and highly susceptible to vibriosis (LunaGonzález et al., 2002) which causes massive mortalities
at their early-life stage. Therefore, the objective of this
study was to assess the potential of homeopathy for
aquaculture as a new eco-sustainable alternative to
improve hatchery production of spat for aquaculture
purposes.
MATERIALS AND METHODS
Origin of scallops and experimental design
A total of 1,500 Catarina scallops (average length 1.98
± 0.1 cm) were collected from culture cages at La Paz
Bay, Mexico (24°9’5”N; 110°20’10”W) in March
2016. Scallops were transported to the mollusks
laboratory at Centro de Investigaciones Biológicas del
Noroeste (CIBNOR) and maintained in a nursery
upwelling recirculating system at 24°C with a food
concentration around 150,000 cel mL-1 (Isochrysis
galbana and Chaetoceros calcitrans in proportion 1:1)
for acclimatization for one week. Filtered (1 µm) and
UV-irradiated seawater was continuously provided (24
h), which allows water changed every day.
After acclimatization, scallops were transferred to
24 experimental units (36 L container) with 52 scallops
each. During the experimental period (21 days),
scallops were kept in an open-recirculating flow system
that provided filtered and treated sea water (1 µm,
activated carbon and UV irradiation) with a mix of
microalgae I. galbana and C. calcitrans (199,607,794
cel ind-1 d-1) at 23.5 ± 0.5°C.
Five experimental homeopathic treatments (T1, T2,
T3, T4, and T5) and three control treatments (C1, C2,
and C3) were assayed, including three replicates for
each experimental condition. To avoid and detect
potential side effects of ethanol vehicle in homeopathic
treatments, C1 contained diluted (1:100) but not
succussed ethanol; C2 diluted 1:100 and succussed
ethanol (1C); and C3 neither homeopathic drug or
ethanol added. Ethanol is the most typical dilution-
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succussion vehicle used in human homeopathic drugs
(Bellavite & Signorini, 2002), but it may trigger
phenoloxidase activity in shrimps (Hernández-López et
al., 1996). Distilled water was used as the final dilution
vehicle in all "working" (decimal or centesimal)
homeopathic dynamizations to avoid this potential
effect.
The open flow was cut off three hours a day to avoid
the presence of microalgae and permits homeopathic or
control treatments were directly added to seawater in
the experimental units (100 µl L-1), a dose that had
proved to strengthen the immune system in A.
ventricosus (Mazón-Suástegui et al., 2017). During this
time, water recirculation pattern in each experimental
unit was maintained to promote intake of homeopathic
and control substances added to juvenile scallops.
Growth and survival were measured every week. At the
beginning (To, day 0) and the end of the experiment
(day 21), 18 scallops were randomly collected from
each treatment for analysis purposes (six scallops per
unit). For the histological analysis, the whole scallop
meat was fixed in Davidson solution. For biochemical
and enzymatic analysis muscle, digestive gland, gills,
and mantle were excised and maintained at -80°C.
Homeopathic drug formulation
Homeopathic treatments T1 (ViP 1D + ViA 1D) and T2
(ViP 7C + ViA 7C) were homeopathic dynamizations
developed at CIBNOR, formulated in decimal (T1) or
centesimal (T2) dilutions/succussions from a mother
tincture of pathogenic strains of Vibrio parahaemolyticus
(CAIM 170; www.ciad.mx/caim » ViP) and Vibrio
alginolyticus (CAIM 57; www.ciad.mx/caim » ViA),
which have been related to high mortalities in marine
bivalves. For each strain, mother tincture was prepared
following the homeopathic principles that consisted of
wet biomass obtained by centrifugation (13,000 rpm,
4°C, 20 min) of 2 L of Vibrio culture in marine broth
2216 (105.1×10-6 CFU mL-1). Wet biomass (15 mL)
was fully inactivated by three freeze-unfreeze cycles of
-80 and 24°C; between each cycle, strain biomass was
vortexed at 3,200 rpm (Benchmark mixer™,
Benchmark Scientific Inc.) for 2 min. The inactivated
product was diluted (1:1) in ethanol 87% (Similia ®
purchased at Farmacia Homeopática Nacional®,
Mexico City, MX) and vortexed at 3,200 rpm
(Benchmark mixer™, Benchmark Scientific Inc.) for 2
min. Concentrate diluted in ethanol was again diluted
(1:100) in ethanol 87% (Similia®) and vortexed 2 min
at 3,200 rpm (Benchmark mixer™, Benchmark
Scientific Inc.) to get a final mother tincture, from
which, decimal (D, 1:10) and centesimal (C, 1:100)
homeopathic dynamizations were prepared by
successive dilution and succussion process (3,200 rpm,
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2 min, Benchmark mixer™, Benchmark Scientific Inc.)
until reach dynamization 1D (1:10) and 7C (1:1014).
Homeopathic treatment T3 (AcF 1D + MsS 1D) was
developed from sodium metasilicate and phosphoric
acid mother tinctures. Analytic grade phosphoric acid
86% (Faga Lab®, Guamuchil, MX) was considered as
mother tincture, while the sodium metasilicate mother
tincture was prepared by mixing sodium metasilicate
(9.4 g) in distilled water at room temperature (25°C)
until the solution reached saturation. Both mother
tinctures were succussed and diluted (1:10) to have the
dynamization 1D of each formulation.
Homeopathic treatments T4 (PhA 7C + SiT 7C) and
T5 (ViD 31C) were elaborated from commercial
homeopathic drugs. Treatment T4 consisted of
centesimal (C) preparations (1:100 dilution/succussion)
of the commercial homeopathic drugs Phosphoricum
acid® 6C (PhA, dilution 1×1012) and Silicea terra® 6C
(SiT, dilution 1×1012), while treatment T5 (ViD 31C)
consisted of a centesimal homeopathic dynamization
(1:100 dilution/succussion) of a commercial homeopathic drug (VidatoX® 30CH, dilution 1×1060;
Labiofam®, Havana, Cuba) made from the venom of
the blue scorpion Rhopalurus junceus. Distilled water
was used as a final dilution vehicle.
Haemocyte count
The hemocyte count was assessed to prove immune
system activation by following the methodology of
Bianchi et al. (2015). Three selected digital images
taken from digestive gland tissue, which showed higher
hemocytes proliferation than other tissues, at 100x were
processed with Image Pro Plus 6.0 (Media Cybernetics,
Bethesda, MD, USA) to count the number of
hemocytes seen in a tissue area (0.21 mm2).
Antioxidant enzymatic activity
From each sample, previously stored at -80°C, 0.1 g of
tissue was homogenized in phosphate buffer 50 mM,
pH 7.8 (1:5) to determine enzymatic biochemical
activity, using glass beds and a fast prep (2 cycles, 4 m
s-1, 30 s) equipment. Samples were centrifuged (13,000
rpm, 4°C, 10 min) and the supernatant was recovered
to obtain the final enzymatic extract.
Superoxide dismutase (SOD) and catalase (CAT)
activity were measured to understand the effect of
homeopathic treatments on the antioxidant system of
the Catarina scallop. The SOD activity was determined
using the SOD determination kit (Sigma-Aldrich
#19160) which measures the percentage of a watersoluble tetrazolium salt (WST-1) formazan complex
inhibition. The protein content of the enzyme extract
was measured using Bradford reagent (Sigma-Adrich
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#B6916) to express SOD activity as U mg protein-1.
The CAT activity was determined by the method of
Clairborne (1985), where H2O2 decomposition was
determined, and one unit of enzyme activity was
defined as the amount of enzyme required to degrade 1
mmol of H 2O2 in 1 min.

microplate with 20μL supernatant extract previously
digested with sulphuric acid and 200 μL lipid reactive
solution (phosphor-vanillin 0.2% and sulphuric acid
80%). A mix of triglycerides and cholesterol (SigmaAldrich Lin-Trol B-1153) was used as a standard;
absorbance was recorded at 540 nm.

Histological analysis
Davidson preserved scallops from each treatment and
sampling were dehydrated, embedded in Paraplast XT
(SPI Supplies, West Chester, PA, USA), cut at 4 µm
sections, mounted in glass slides and stained with
hematoxylin-eosin (Kim et al., 2006). From the
hematoxylin-eosin stain, three randomly selected
digital images taken at 20x were processed with Image
Pro Plus 6.0 (Media Cybernetics, Bethesda, MD, USA)
in three tissues (smooth and striated muscles and
digestive gland). The information was used to
determine the gross physiological condition of
juveniles using digestive gland index (DGI), smooth
muscle index (SmMI) and striated muscle index (StMI)
as described by Mazón-Suástegui et al., (2009). The
following formula calculated the DGI:
DGI (%) = (CAA / TCA) × 100
(1)
where CAA is the coverage area of the individual
adenomeres (µm2), and TCA is the total coverage area
of the image (µm2).
Muscular indexes (SmMI, StMI) were determined
by the formulae:
SmMI(%) = (CAIM/ TCA) × 100
(2)
StMI(%) = (𝐶𝐴𝐼𝑀/ 𝑇𝐶𝐴) × 100
(3)

Growth and survival
Growth and survival of scallops during the experiment
were evaluated every week for 21 days by sampling 30
ind per replicate. Survival was assessed identifying
organisms as either alive or dead and removing dead
organisms from the experimental units to prevent poor
water quality. Growth in length was assessed taking a
sample of each unit and digital images were taken to
measure organisms shell length using the program
Image Pro Plus 6.0 (Media Cybernetics, Bethesda, MD,
USA).

where CAIM is the coverage area of individual musclefiber packages (µm2), and TCA is the total coverage
area of the image (µm2).
Biochemical analyses
Biochemical composition of soft tissues was assessed
by triplicate. Samples previously stored at -80°C were
lyophilized, re-hydrated in 1 mL cold distilled water,
and homogenized to obtain crude extracts that were
then used to determine carbohydrate, protein, and lipid
contents. Determination of total proteins was done
using the method of Smith et al. (1985), which uses a
BCA reagent (Sigma-Aldrich #B9643) and bovine
serum albumin (Sigma-Aldrich #9048-46-8) as the
standard; absorbance was read at 562 nm. Carbohydrate
content was determined according to Roe et al. (1961),
using a reagent blank and dextrose solution as the
standard (Vedco #3803); absorbance was read at 630
nm. The lipid content in tissues was determined by the
sulpho-phospho-vanillin method following a modified
version of Barnes & Blackstock (1973) using a

Statistical analysis
For each triplicate, data normality was initially
analyzed with the Kolmogorov-Smirnov test and then
confirmed with the Levene test for homogeneity of
variances. For histological analysis percentage values
were transformed using arcsine (Zar, 2010). After that,
one-way analyses of variance (n = 3, triplicate experimental units) were run to assess significant differences
in the histological indexes, biochemical composition
and enzymatic tissue activity between treatments. As
needed, post-hoc multiple range mean comparisons
with Tukey’s test (HSD) were performed. The level of
significance was set at P < 0.05 for all analyses. All data
were analyzed using the program Statistica ® 10.0
software (StatSoft, Tulsa, OK, USA) and expressed as
mean ± 95% confidence interval.
RESULTS
Influence of homeopathic drugs on hemocyte count
The hemocyte count in digestive gland tissue showed a
marked effect of homeopathic treatments. The counts
for organisms from treatments T1 (44), T2 (41) and T3
(36) were significantly higher (P < 0.05) than
organisms at To and all control groups (16-34) (Fig. 1).
Influence of homeopathic drugs on enzymatic
biochemistry
Superoxide dismutase (SOD)
The highest SOD activity in muscle (P < 0.05) was
observed at the To (11 U mg protein-1) compared to all
experimental groups (8-9 U mg protein-1) except for control group C2 (10 U mg protein-1) which was
formulated with diluted and succussed ethanol (Fig. 2a).
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mantle significantly increased (P < 0.05) in individuals
treated with homeopathic treatment T5 (21 U mg
protein-1) compared to To and the rest of the experiment
groups (16-19 U mg protein-1) except control group C2
(20 U mg protein-1) (Fig. 2d).

Figure 1. Total hemocyte count of Argopecten
ventricosus juveniles treated with homeopathic drugs for
21 days. Values are mean ± confidence intervals at 95%.
Different letters denote significant differences (P < 0.05).

In digestive gland, the SOD activity was significantly
(P < 0.05) activated in all homeopathic treatments (7-8
U mg protein-1) compared to the To (5 U mg protein-1)
and all control groups (5 U mg protein-1) (Fig. 2b). The
activity of SOD in gills was higher (P < 0.05) than in
the other tissues and was significantly activated (P <
0.05) by homeopathic treatments T2 (37 U mg protein1
) compared with To and the rest of the experimental
groups (26-32 U mg protein-1) with the exception of
T5 (35 U mg protein-1) (Fig. 2c). The SOD activity in

Catalase
The CAT activity in muscle was significantly higher (P
< 0.05) in organisms from T5 (20 nmol min-1 mL-1) and
C1 (23 nmol min-1 mL-1) than To and the rest of the
experimental groups (0.73-10 nmol min-1 mL-1) (Fig.
3a). In digestive gland, CAT activity was higher (P <
0.05) in homeopathic treatments T3 (30 nmol min-1 mL-1)
and T5 (21 nmol min-1 mL-1) than To and the rest of the
experimental groups (4-15 nmol min-1 mL-1) (Fig. 3b).
In gills, CAT activity was higher (P < 0.05) in
organisms from control group C1 (21 nmol min-1 mL-1),
formulated with diluted ethanol, and C2 (20 nmol min-1
mL-1) formulated with ethanol diluted and succussed
compared to To and the rest of the experimental groups
(3-14 nmol min-1 mL-1) (Fig. 3c). The highest (P < 0.05)
CAT activity was seen in mantle compared to the other
tissues and registered the highest values (P < 0.05) in
organisms from homeopathic treatments T1 (58 nmol
min-1 mL-1), T2 (51 nmol min-1 mL-1) and T3 (47 nmol
min-1 mL-1) compared to To and the rest of the
experimental groups (3-23 nmol min-1 mL-1) (Fig. 3d).

Figure 2. Superoxide dismutase enzyme activity (SOD) in a) muscle, b) digestive gland, c) gills, and d) mantle of
Argopecten ventricosus juveniles treated with homeopathic drugs for 21 days. Values are mean ± confidence intervals at
95%. Different letters denote significant differences (P < 0.05).
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Figure 3. Catalase enzyme activity (CAT) in: a) muscle, b) digestive gland, c) gills, and d) mantle of Argopecten ventricosus
juveniles treated with homeopathic drugs for 21 days. Values are mean ± confidence intervals at 95%. Different letters
denote significant differences (P < 0.05).

Influence of homeopathic drugs on the histological
index: smooth muscular index, striated muscular
index, and digestive gland index
The SmMI value of all experimental groups (67-73%)
was higher (P < 0.05) than To (62%) except for T3
(64%) (Fig. 4a). The StMI showed a significantly
higher value (P < 0.05) in individuals from treatments
T4 (77%) and T5 (76%) compared to To and the rest of
the experimental groups (67-73%) (Fig. 4b). Significant differences (P < 0.05) were observed in DGI
between groups. All experimental groups were significantly higher (45-52%) than To of the experiment
(38%) (Fig. 4c).
Influence of homeopathic drugs on biochemical
composition
Total carbohydrates
Carbohydrate concentration in muscle was higher (P <
0.05) in the organism from treatment T4 (50 mg g-1)
than To and the rest of the experimental groups (17-37
mg g-1). The digestive gland was the tissue with the
highest (P < 0.05) carbohydrate content and showed the
highest (P < 0.05) values in organisms from treatment
T3 (126 mg g-1) and T5 (126 mg g-1) compared to To
and the rest of the experiment groups (68-125 mg g-1).
In gills, carbohydrate content was higher (P < 0.05) in
organisms from C1 (14 mg g-1) than To and the rest of

Figure 4. a) Smooth muscle index (SmMI), b) striated
muscle index (StMI), and c) digestive gland index (DGI)
of Argopecten ventricosus juveniles treated with
homeopathic drugs for 21 days. Values are mean ±
confidence intervals at 95%. Different letters denote
significant differences (P < 0.05).
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Table 1. Total carbohydrate, protein and lipid content in muscle, digestive gland, gills and mantle in Argopecten ventricosus
juveniles treated with homeopathic drugs for 21 days. Values are mean ± confidence intervals at 95%. Different letters in
the same raw denote significant differences (P < 0.05).
To
Charbohydrates (mg g-1)
Muscle
17 ± 2.9e
Digestive gland
68 ± 0.7e
Gill
12 ± 0.2cd
Mantle
15 ± 0.1a
Protein (mg g-1)
Muscle
561 ± 3.5a
Digestive gland
479 ± 10a
Gill
390 ± 0.8a
Mantle
486 ± 5a
Lipids (mg g-1)
Muscle
3 ± 0.01f
Digestive gland
11 ± 0.2e
Gill
2 ± 0.4f
Mantle
5 ± 0.03f

T1

T2

T3

T4

T5

C1

C2

C3

37 ± 0.001b
117 ± 2.4d
13 ± 0.2b
13 ± 0.5b

31 ± 0.14bc 36 ± 1.5b
118 ± 3.6cd 126 ± 1.6a
11 ± 0.2d
12 ± 0.4c
bc
12 ± 0.2
13 ± 0.2b

50 ± 3.1a
23 ± 0.5de
36 ± 4.6b
bcd
a
121 ± 4.6
126 ± 1.1
122 ± 4abc
10 ± 0.4f
12 ± 0.04cd 14 ± 0.2a
14 ± 0.3a
12 ± 0.4b
13 ± 0.7b

36 ± 8.7b
25 ± 2.9cd
ab
125 ± 0.9
117 ± 1.3d
11 ± 0.03e 10 ± 0.5e
11 ± 0.7c
12 ± 0.3b

492 ± 16b
391 ± 6b
281 ± 3bc
314 ± 4.5d

448 ± 12c
368 ± 44bc
296 ± 29b
403 ± 0.9b

410 ± 1ef
320 ± 4.1efg
260 ± 2.7de
348 ± 8.2c

400 ± 10.8f
300 ± 4.3g
249 ± 9.2ef
285 ± 4.3d

421 ± 14de
311 ± 1.9fg
243 ± 4ef
506 ± 9.8a

434 ± 16cd
361 ± 13cd
276 ± 2.9cd
424 ± 20b

421 ± 0.8de
335 ± 1.7def
240 ± 4.4f
480 ± 21a

452 ± 5.6c
347 ± 7.5cde
235 ± 2.4f
409 ± 38b

16 ± 0.4c
85 ± 5.3a
21 ± 1.2d
19 ± 1d

18 ± 1.1bc
75 ± 1.6b
30 ± 1.4a
22 ± 1.3bc

22 ± 1.6a
82 ± 1.5ab
20 ± 0.9de
26 ± 2.7a

7 ± 0.4e
51 ± 0.2d
23 ± 0.5bc
15 ± 0.1e

18 ± 0.8bc
56 ± 2.8cd
19 ± 1.5e
22 ± 0.7bc

13 ± 0.1d
68 ± 2.3c
29 ± 0.4a
24 ± 1.3ab

17 ± 2.4c
55 ± 9.5d
21 ± 0.9cd
27 ± 1.7a

19 ± 1.3b
58 ± 1.4d
23 ± 0.02b
20 ± 1.8cd

the groups (10-13 mg g-1). The mantle showed a higher
carbohydrate content (P < 0.05) in organisms in To of
the experiment (15 mg g-1) and T4 (14 mg g-1)
compared to the rest of the experimental groups (11-13
mg g-1) (Table 1).
Total proteins
The muscle was the tissue with the highest (P < 0.05)
protein content. Individuals from To (561 mg g-1) had
the highest content (P < 0.05) compared to all
experimental groups (400-492 mg g-1). Same as in
muscle, the digestive gland and gill showed the highest
protein content (P < 0.05) in individuals at To of the
experiment (479 mg g-1, 390 mg g-1, respectively) than
the rest of the experimental groups (300- 391 mg g-1,
235-296 mg g-1 respectively). In mantle, the protein
content was significantly different. The highest (P <
0.05) values were observed in individuals from To (486
mg g-1), T5 (506 mg g-1) and C2 (480 mg g-1) compared
to the rest of the experimental groups (285-424 mg g-1)
(Table 1).
Total lipids
The individuals from the homeopathic treatment T4 (22
mg g-1) showed a higher lipid content in muscle (P <
0.05) than To and the rest of the groups (3-19 mg g-1)
(Table 1). Digestive gland, the tissue with the highest
lipid content (P < 0.05), showed the highest values (P
< 0.05) in individuals from homeopathic treatments T2
(85 mg g-1) and T4 (82 mg g-1) compared to To and the
rest of the experimental groups (11-75 mg g-1). The
lipid content in gills was significantly higher (P < 0.05)
in T3 and C2 (30 mg g-1, 29 mg g-1) than To and the rest
of the experimental groups (2-23 mg g-1). In mantle, the

highest lipid content (P < 0.05) was observed in control
C3 (27 mg g-1) and T4 (26 mg g-1), and the lowest at To
(5 mg g-1), T1 (20 mg g-1), T2 (19 mg g-1), T5 (15 mg
g-1) and C1 (22 mg g-1) (Table 1).
Influence of homeopathic drugs on survival and
growth rate
Survival was significantly higher (P < 0.05) in
organisms from treatments T3 (95%) and T5 (94%)
compared to C1 (88%) and C3 (85%) (Fig. 5a).
Nevertheless, no significant differences were observed
between T3 (95%) and T5 (94%), when compared to
the control C2 (93%). The growth rate in shell length
showed an effect by homeopathic treatment.
Treatments T1 (117 µm) and T2 (108 µm) had the
highest increase in length (P < 0.05) and were
significantly different from controls C1 (14 µm), C2
(34 µm) and C3 (20 µm) (Fig. 5b).
DISCUSSION
This study revealed that homeopathic treatment
formulated from pathogenic bacteria at decimal and
centesimal dilutions (1D, 7C) had the potential to
activate immunomodulatory response and antioxidant
system of the scallop Argopecten ventricosus, accompanied with increases in growth, followed by those
formulated from sodium metasilicates-phosphoric acid
and Vidatox® as it is described below. Several authors
have reported that homeopathic treatments work on the
immune system (Bellavite et al., 2006, 2014b; Bell &
Schwartz, 2015). Particularly in marine organisms,
homeopathic treatments from pathogenic bacteria,
Vidatox ®, and phosphoric acid, have been observed
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Figure 5. a) Survival and b) growth rate of Argopecten
ventricosus juveniles treated with homeopathic drugs for
21 days. Values are mean ± confidence intervals at 95%.
Different letters denote significant differences (P < 0.05).

to produce an immunomodulatory response (MazónSuástegui et al., 2017; Ortiz-Cornejo et al., 2017).
In marine bivalves, hemocytes can be found in
tissues because had an open circulatory system
(Beninger & Le Pennec, 2006), and some authors have
found differences at hemocytes count only in tissue and
not in hemolymph (Cochennec-Laureau et al., 2003).
We propose to measure the hemocytes count in the
digestive gland tissue which showed higher hemocyte
proliferation compared to other tissues. As hemocytes
migrates to the tissues where danger signal are
recognized, it was assumed that homeopathic
treatments compounds are mainly recognized at
digestive gland tissue; however, more investigation
must be done to confirm this idea.
Haemocyte count was highly influenced by the
homeopathic treatments formulated from pathogenic
bacteria, followed by sodium metasilicate-phosphoric
acid and Vidatox®. Homeopathic treatment formulated
by pathogenic bacteria showed the high hemocytes
counts which were one to three times higher than
controls (C3, C2, and C1). Increases of hemocytes 1.4
times higher compared with controls have been
previously related to the activation of the immune
response in the clam Ruditapes philippinarum and R.
decussatus (Oubella et al., 1993). Also, increases of
these immune related cells have demonstrated to
improve immune response when organisms are a
challenge against pathogens (Prado-Alvarez et al.,
2015). The increase in hemocyte count has been
considered as an indicator of the activation of the

immune system response since they are the main
cellular effectors and act as defense mechanisms in
bivalves (Canesi et al., 2002; Song et al., 2010). The
fact that homeopathic treatment formulated by
pathogenic bacteria allowed an increase in the
haemocyte count could be supported by the presence of
diluted pathogenic compounds (e.g., toxins, lipopolysaccharides, beta glucans) from Vibrio cells and the
recognitions of specific epitopes, which are the part of
the antigen recognized by the immune system.
Increase in hemocyte proliferation had been
associated to the recognition of pathogen-associated
molecular patterns (PAMPs) by pattern recognition
receptors (PRRs), which are molecules involved in the
recognition process that triggers immune system
reaction (Song et al., 2010; Wang et al., 2013), but
toxins (Prego-Faraldo et al., 2017) and nanoparticles
(Moyano et al., 2012) can also be detected as danger
signals and stimulate immune response. In very high
diluted homeopathic treatments, the presence of
nanoparticles from the initial molecules has been
detected (Chikramane et al., 2012; Bell & Schwartz,
2015). Homeopathy effect has been attributed to a
response of a low intensity silent danger signal,
involving nanoparticles and high diluted compounds,
where endogenous amplification may involve hormesis,
time-dependent sensitization and stochastic resonance
(Bell et al., 2013). Some authors have successfully
improved organism health and resistance to disease
using the same bacteria to formulate the homeopathic
treatment (Camerlink et al., 2010; Mazón-Suástegui et
al., 2017; Ortiz-Cornejo et al., 2017), although most
studies that have proven immune stimulation with
bacteria have been carried out using inactivated
pathogenic strains (Balseiro et al., 2013; Pauletto et al.,
2014). This study supports the effect of the
homeopathic drug formulated by pathogenic bacteria at
low and high dilutions, as both dilutions 1D (1×10 1)
and 7C (1×1014) promotes an increase of hemocytes
count. The effects of these homeopathic treatments
were attributed to micro-particles (e.g., epitopes) or
highly diluted compounds from pathogenic bacteria
that can trigger an immune response. It must be noticed
that immunostimulants effect had been attributed to
PAMPS like peptoglican and lipopoly-saccharides,
however, the application of homeopathic treatment
formulated by bacteria, which are un-expensive and
may imply a complex diversity of high diluted epitopes,
had never been evaluated in A. ventriocosus.
The immune activation caused by the homeopathic
treatments from sodium metasilicate-phosphoric acid
and Vidatox® were in accordance to the results reported
by Ortiz-Cornejo et al. (2017), and it is believed that
these treatments could be worked by the effect of
diluted compounds and nanoparticles as well. Scarce
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information is available about homeopathic treatments
from sodium metasilicates, but at non-homeopathic
concentrations, they have shown anti-inflammatory
properties in murine macrophages and proved
effectiveness in scavenging free radicals when used at
1, 5, 10 and 50 µM concentrations (Kim et al., 2013), a
concentration close to our 1D dilution. In rats, the
addition of sodium metasilicates has been associated to
a beneficial action because silica in physiological
amounts influences the complex network of cytokine
interaction that regulates the immune response
(Nielsen, 2008), while the intake of phosphoric acid has
been associated to an increase of phosphorus in the
organisms (Caravati, 1987). Phosphorus in high
concentrations can promote decalcification and
decrease growth (Calvo & Tucker, 2013), but it can
improve health in moderate concentration. In hybrid
sturgeons, the addition of phosphorus in the diet at 0.63
and 1.15% activates antioxidant enzymes and promotes
eradication of free radicals (Jin et al., 2012). In
homeopathic concentrations, phosphoric acid has been
related to the improvement of the immune response in
Catarina scallop (Mazón-Suástegui et al., 2017). The
interaction between sodium metasilicates and phosphoric acid at homeopathic dilution 1D proved to
increase immune response in A. ventricosus juveniles,
which agrees with literature. Vidatox® (Havana, Cuba)
has also demonstrated to increase hemocyte count. It is
a registered trademark of a commercial homeopathic
drug from the scorpion Rhopalurus juneceus venoms
and sold to treat cancer in humans (http://vidatoxromania.ro/en/what-is-vidatox/).
Nonetheless, Giovannini et al. (2017) observed that
it could induce hepatocellular carcinoma proliferation
in culture mouse cells. Thus, it has to be handled
carefully because these authors used the commercial
solution Vidatox®, which is a hydroalcoholic solution
(30°GL), and carcinoma proliferation could be an effect
of the alcohol itself. It has been reported that ethanol
can suppress mouse macrophages, immune response
(Watson et al., 1988), inhibit TLR4 pathway and
decrease cytokines (Pruett & Fan, 2009). In order to
avoid the undesirable effects of ethanol, distilled water
was used as a final excipient to formulate homeopathic
treatments in this study. Although our results suggested
Vidatox® dynamized 1C in distilled water can activate
the immunomodulatory response.
The increase in hemocyte count in organisms
treated with homeopathy formulated from pathogenic
bacteria, sodium metasilicate-phosphoric acid, and
Vidatox® were mainly related to increases in the
antioxidant enzymes CAT and SOD activity. The
former supports the idea of the immune system
activation as increases of expression of antioxidant
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enzymes accompanied by an increase of hemocytes
have already been linked in the oyster Ostrea edulis to
immune response activation (Prado-Alvarez et al.,
2015). The highest SOD and CAT activities occurred
as a response to overcome oxidative stress in a better
way when organisms are subjected either to environmental factors, pollutants or pathogen infection
(Vlahogianni et al., 2007; Song et al., 2010). SOD and
CAT can transform cytotoxic compounds produced by
reactive oxygen species (ROS) as superoxide and
hydrogen peroxide, in products not harmful for the cells
such as water and oxygen (Song et al., 2010). In this
study, treatments from pathogenic bacteria and sodium
metasilicate-phosphoric acid showed a notorious
activation of the antioxidant system (around the 300500% of CAT activity in the mantle and about the 160%
of SOD in digestive gland compared to controls). These
treatments have been associated with antioxidant
system activation at homeopathic and non-homeopathic
solutions. Increases of CAT and SOD in digestive gland
(around 600 and 250%, respectively) activities have
been reported as an effect of toxin exposure (PregoFaraldo et al., 2017) and presence of bacterial
compounds (Song et al., 2010; Wang et al., 2013).
Particularly CAT activity has demonstrated to
contribute to the redox balance in Chlamys farreri and
Meretrix meretrix to counter-react oxidative stress
produced by pathogen attack (Li et al., 2008; Wang et
al., 2013), and heat killed pathogenic bacteria, such as
V. splendidus and V. anguillarum in Mytilus
galloprovincialis which registered and increase
between 58 to 98% of CAT activity compared to the
control (Canesi et al., 2010). In mouse brain from
organisms intoxicated with aluminum, an increase in
transcription of the antioxidant enzymes SOD and CAT
have been reported when silicic acid at 0.9% was
administered to mice (Gonzalez-Muñoz et al., 2008).
Evidence has been reported that proves the presence of
silicic acid in homeopathic treatments by the effect of
succussion of silicon products (Anick & Ives, 2007).
Also, Mazón-Suástegui et al. (2017) reported an
increase of the 10% in SOD activity when A.
ventricosus juveniles were treated with homeopathic
phosphoric acid compared with ethanol control. These
slight increases in SOD activity promoted a higher
survival of scallops during challenge assays with Vibrio
alginolyticus. The activation of antioxidant enzy-mes
strengthened organisms versus oxidative stress, which
may help to overcome stressful conditions as disease.
The results attained in this research prove that
homeopathic treatments, particularly those formulated
from pathogenic bacteria, are capable of activating the
immune response at the cellular level and the antioxidant system of the Catarina scallop juveniles.

74

Latin American Journal of Aquatic Research

The commercial homeopathic treatments from
Silicea terra and Phosphoric acid (Similia ®) did not
show a definite effect on the immune response, but they
showed clear and significant increases of energetic
reserves in treated scallops. This treatment promoted
the accumulation of carbohydrates (mantle, muscle)
and lipids (digestive gland, muscle). Carbohydrate
reserves in mollusk bivalves are mainly related to
muscle and lipid reserves to digestive gland (Maguire
et al., 1999; Darriba et al., 2005). Both tissues (muscle
and digestive gland) have been reported as the principal
storage organs of energetics reserves (Barber & Blake,
2006). Protein levels depletion (around 12 to 41%) in
all experimental groups was related to overall nutrition
conditions in the laboratory, which allowed storing
energetic reserves. The depletions of protein levels
have been associated with an increase in other energetic
reserves like carbohydrates and lipids (Freites et al.,
2003). As all treatments had the same diet, an increase
of reserves by Silicea terra and phosphoric acid
(Similia®) could be related with an enhancement in
food assimilation processes. Homeopathic Silicea terra
has been reported as a growth promoter in A.
ventricosus (Mazón-Suástegui et al., 2017). In the nonhomeopathic presentation, silicon dioxide at 0.02% in
turkey diet increased growth and reduced nitrogen loss
(Tran et al., 2015). Phromkunthong (2015) reported
that Silica+, a micronized silica powder, increased
peptidases accompanied with an increase in growth in
the shrimp Litopenaeus vannamei. In the case of
phosphoric acid (Similia®) homeopathic solutions are
recommended to improve food assimilation. More
evaluation between silica-phosporic acid and digestive
enzyme should be done to elucidate if treatments were
acting on enzymatic activity to promote nutrient intake
or by other via. The accumulation of reserves by Silicea
terra and phosphoric acid treatments may contribute to
having organisms more resistant to stressor factors as a
disease caused by pathogenic bacteria may cause a
depletion of energy reserves (Genard et al., 2013).
The DGI and SmMI did not show a specific effect
by treatment, but StMI was higher in scallops treated
with Silicea terra and phosphoric acid (Similia®)
although this treatment registered the highest
carbohydrates content in muscle. StMI increase could
be a consequence of the accumulation of metabolic
reserves, mainly carbohydrates. As discussed above,
Silicea terra and phosphoric acid (Similia®) treatment
were associated to promote better assimilation. It
should be noticed that muscle is one of the main
carbohydrates reserves in scallops and striated muscle
can store a higher content of carbohydrates than smooth
muscle (Maguire & Burnell, 2001).

As all treatments receive the same diets and
hatchery conditions were kept at overall conditions,
growth was attributed to treatment effect. A relationship was observed between growth in shell length and
the homeopathic treatments formulated by pathogenic
bacteria, which was unexpected as treatments from
Silicea terra-phosphoric acid have shown a significant
increase in energetic reserves and muscular condition
index. Treatments with the higher growth rate in length
showed higher hemocyte count. It has been observed
that hemocytes contribute to wound and shell repair
(Beninger & Le Pennec, 2006), playing an important
role in calcium transport to shell regeneration (Kádár,
2008). Haemocytes count has been associated with
induction to shell repair (Mount et al., 2004). This
finding makes us suppose that hemocytes could have
contributed to shell formation and could be helping to
increase shell calcification and growth as in condition
index were minimal differences between most of the
treatments; more studies should be required to
corroborate this information.
CONCLUSIONS
In conclusion, the homeopathic treatments, mainly
those formulated from pathogenic bacteria prove to
generate a quantifiable biological effect, increasing
hemocyte count and antioxidant enzyme activity.
Homeopathic treatments formulated by Silicea terraphosphoric acid contributed to energetic reserve
accumulation in the principal storage tissues.
Homeopathic treatments are a good alternative to
activate the immune system at the cellular level and the
antioxidant system because of their easiness for
preparation, storage, and administration. Homeopathy
for aquaculture is a novel and eco-friendly prophylactic
option to improve the overall condition of A.
ventricosus juveniles at the pre-fattening stage.
ACKNOWLEDGMENTS
This study was funded by the Sectoral Fund for
Research & Education: SEP-CONACYT Basic Science
Project #258282 "Experimental evaluation of homeopathy and new probiotics in the cultivation of molluscs,
crustaceans and fish of commercial interest", and
PROINNOVA-CONACyT/PEASA #241777 “Innovation and continuous improvement of hatchery
production technology”, under the academic responsibility of JMMS. JALC is the recipient of a doctorate
fellowship (CONACYT-301921), under academic
direction of FAO and JMMS. They conceived and
assessed the experimental design and research
development and JALC performed zoo-technical work,

Evaluation of immunomodulatory drugs in Argopecten ventricosus

collected and analyzed data, and wrote the first draft of
the manuscript. All authors, including DTR, MAHO,
JLGC, and FAP reviewed and approved the final
manuscript. The authors are grateful to the technical
staff at CIBNOR: Delfino Barajas, Pablo Ormart, Julián
Garzón, Carmen Rodríguez, Patricia Hinojosa, Norma
Ochoa, Martha Reyes and Eulalia Meza for their
support; and Diana Fischer for English editorial
services. Noroeste Sustentable A.C. donated scallops
produced by Acuacultura Robles hatchery.
REFERENCES
Abasolo-Pacheco, F., Campa-Cordova, A.I., MazónSuástegui, J.M., Tovar-Ramírez, D., Araya, R. &
Saucedo, P.E. 2017. Enhancing growth and resistance
to Vibrio alginolyticus disease in catarina scallop
(Argopecten ventricosus) with Bacillus and Lactobacillus
probiotic strain during early development. Aquaculture
Research, 48: 4597-4607.
Andretto, A.P., Fuzinatto, M.M., Bonafe, E.G., Braccini,
G.L., Mori, R.H., Pereira, R.R. & Vargas, L. 2014.
Effect of a homeopathic complex on fatty acids in
muscle and performance of the Nile tilapia
(Oreochromis niloticus). Homeopathy, 103: 178-185.
Anick, D.J. & Ives, J.A. 2007. The silica hypothesis for
homeopathy: physical chemistry. Homeopathy, 96:
189-195.
Balseiro, P., Moreira, R., Chamorro, R., Figueras, A. &
Nova, B. 2013. Immune responses during the larval
stages of Mytilus galloprovincialis: metamorphosis
alters immunocompetence, body shape, and behavior.
Fish and Shellfish Immunology, 35: 438-447.
Barber, B.J. & Blake, N.J. 2006. Reproductive
physiology. In: Shumway, S.E., Parsons, G.J. (Eds.).
Scallops: biology, ecology, and aquaculture. Elsevier
Science, Boston, pp. 357-406.
Barnes, H. & Blackstock, J. 1973. Estimation of lipids in
marine animals and tissues detailed investigation of
the sulphophosphovainillin method for 'total' lipids.
Journal of Experimental Marine Biology and Ecology,
12: 103-118.
Bell, I.R., Sarter, B., Koithan, M., Standish, L.J., Banerji,
P. & Banerji, P. 2013 Nonlinear response amplification mechanisms for low doses of natural product
nanomedicines: dynamical Interactions with the
recipient complex adaptive system. Journal of
Nanomedicine and Nanotechnology, 4: 179 pp.
Bell, I.R. & Schwartz, G.E. 2015. Enhancement of adaptive
biological effects by nanotechnology preparation
methods in homeopathic medicines. Homeopathy,
104: 123-138.

75

Bellavite, P. & Signorini, A. 2002. Emerging science
homeopathy: complexity, biodynamics, and nanopharmacology. North Atlantic Books, Berkeley.
Bellavite, P., Conforti, A., Pontarollo, F. & Ortolani, R.
2006. Immunology and homeopathy. 2. Cells of the
immune system and inflammation. Evidence-Based
Complementary and Alternative Medicine, 3: 13-24.
Bellavite, P., Marzotto, M., Olioso, D., Moratti, E. &
Conforti, A. 2014a. High-dilution effects revisited. 1.
Physicochemical aspects. Homeopathy, 103: 4-21.
Bellavite, P., Marzotto, M., Olioso, D., Moratti, E. &
Conforti, A. 2014b. High-dilution effects revisited. 2.
Pharmacodynamic mechanisms. Homeopathy, 103:
22-43.
Beninger, P.G., Le Pennec, M. 2006. Structure and
function in scallops. In: Shumway, S.E. & Parsons,
G.J. (Eds.). Scallops: biology, ecology, and aquaculture. Elsevier, San Diego, pp. 123-211.
Bianchi, V.A., Castro, J.M., Rocchetta, I., Nahabedian,
D.E., Conforti, V. & Luquet, C.M. 2015. Long-term
feeding with Euglena gracilis cells modulates immune
responses, oxidative balance and metabolic condition
in Diplodon chilensis (Mollusca, Bivalvia, Hyriidae)
exposed to living Escherichia coli. Fish and Shellfish
Immunology, 42: 367-378.
Calvo, M.S. & Tucker, K.L. 2013. Is phosphorus intake
that exceeds dietary requirements a risk factor in bone
health? Annals of the New York Academy of Sciences,
1301: 29-35.
Camerlink, I., Ellinger, L., Bakker, E.J. & Lantinga, E.A.
2010. Homeopathy as replacement to antibiotics in the
case of Escherichia coli diarrhea in neonatal piglets.
Homeopathy, 99: 57-62.
Canesi, L., Gallo, G., Gavioli, M. & Pruzzo, C. 2002.
Bacteria-hemocyte interactions and phagocytosis in
marine bivalves. Microscopy Research and Technique,
57: 469-476.
Canesi, L., Barmo, C., Fabbri, R., Ciacci, C., Vergani, L.,
Roch, P. & Gallo, G. 2010. Effects of Vibrio challenge
on digestive gland biomarkers and antioxidant gene
expression in Mytilus galloprovincialis. Comparative
Biochemistry and Physiology Part C, 152: 399-406.
Caravati, E.M. 1987. Metabolic abnormalities associated
with phosphoric acid ingestion. Annals of Emergency
Medicine, 16: 904-906.
Chikramane, P.S., Kalita, D., Suresh, A.K., Kane, S.G. &
Bellare, J.R. 2012. Why extreme dilutions reach nonzero asymptotes: a nanoparticulate hypothesis based
on froth flotation. Langmuir, 28: 15864-15875.
Clairborne, A. 1985. Catalase activity. In: Greenwald,
R.A. (Ed.). CRC Handbook of methods for oxygen
radical research. CRC Press, Boca Raton, pp. 283-284.
Cochennec-Laureau, N., Auffret, M., Renault, T. &
Langlade, A. 2003. Changes in circulating and tissue-

76

Latin American Journal of Aquatic Research

infiltrating hemocyte parameters of European flat
oyster, Ostrea edulis, naturally infected with Bonomia
ostreae. Journal of Invertebrate Pathology, 83: 23-30.
Darriba, S., Sanjuan, F. & Guerra, A. 2005. Energy
storage and utilization in relation to the reproductive
cycle in the razor clam Ensis arcuatus (Jeffreys, 1865).
ICES Journal of Marine Science, 62: 886-896.
Dias-Neto, J., Valladão, G.M.R., Viadanna, P.H.D.O. &
Pilarski, F. 2017. Homeopathic complex increases
survival without affecting the performance of Nile
tilapia during masculinization. Journal of Applied
Aquaculture, 29: 33-45.
Dubert, J., Barja, J.L. & Romalde, J.L. 2017. New insights
into pathogenic Vibrios affecting bivalves in hatcheries: present and future prospects. Frontiers in
Microbiology, 8: 1-16.
Freites, L., Fernández-Reiriz, M. J. & Labarta, U. 2003.
Biochemical composition and energy content of the
mussel Mytilus galloprovincialis of subtidal and rocky
shore origin: influence of environment variables and
source of mussel seed. Ciencias Marinas, 29: 603-619.
Genard, B., Miner, P., Nicolas, J.L., Moraga, D., Boudry,
P., Pernet, F. & Tremblay, R. 2013. Integrative study
of physiological changes associated with bacterial
infection in Pacific oyster larvae. Plos One, 8: e64534.
Giovannini, C., Baglioni, M., Baron, M., Cescon, M.,
Bolondi, L. & Gramantieri, L. 2017. Venom from
Cuban blue scorpion has tumor activating effect in
hepatocellular carcinoma. Scientific Reports, 7:
44685.
Gonzalez-Muñoz, M.J., Meseguer, I., Sanchez-Reus, M.I.,
Schultz, A., Olivero, R., Benedí, J. & Sánchez-Muniz,
F.J. 2008. Beer consumption reduces cerebral
oxidation caused by aluminum toxicity by normalizing
gene expression of tumor necrotic factor alpha and
several antioxidant enzymes. Food and Chemical
Toxicology, 46: 1111-1118.
Jin, J.L., Wang, C.F., Tang, Q., Xie, C.X. & Dai, Z.G.
2012. Dietary phosphorus affected growth
performance, body composition, antioxidant status and
total P discharge of young hybrid sturgeon (♀Huso
huso × ♂Acipenser schrenckii) in winter months.
Journal of Applied Ichthyology, 28: 697-703.
Kádár, E. 2008. Haemocyte response associated with
induction of shell regeneration in the deep-sea vent
mussel Bathymodiolus azoricus (Bivalvia: Mytilidae).
Journal of Experimental Marine Biology and Ecology,
362: 71-78.
Kesarcodi-Watson, A., Kaspar, H., Lategan, M.J. &
Gibson, L. 2008. Probiotics in aquaculture: the need,
principles, and mechanisms of action and screening
processes. Aquaculture, 274: 1-14.
Kim, Y., Ashton-Alcox, K.A. & Powell, E.N. 2006.
Histological techniques for marine bivalve molluscs:

update. NOAA Technical Memorandum NOS NCCOS,
Maryland, 27: 76 pp.
Kim, E.J., Bu, S.Y., Sung, M.K., Kang, M.H. & Choi,
M.K. 2013. Analysis of antioxidant and anti-inflammatory activity of silicon in murine macrophages.
Biological Trace Element Research, 156: 329-337.
Lawrence, R. & Jeyakumar, E. 2013. Antimicrobial
resistance: a cause for global concern. BMC
Proceedings, 7(3), S1.
Li, C., Ni, D., Song, L., Zhao, J., Zhang, H. & Li, L. 2008.
Molecular cloning and characterization of catalase
gene from Zhikong scallop Chlamys farreri.
Fish and Shellfish Immunology, 24: 26-34.
Luna-González, A., Maeda-Martínez, A.N., Sainz, J.C. &
Ascencio-Valle, F. 2002. Comparative susceptibility
of veliger larvae of four bivalve mollusks to Vibrio
alginolyticus strain. Diseases of Aquatic Organisms,
49: 221-226.
Maguire, J.A. & Burnell, G.M. 2001. The effect of
stocking density in suspended culture on growth and
carbohydrate content of the adductor muscle in two
populations of the scallop (Pecten maximus L.) in
Bantry Bay, Ireland. Aquaculture, 198: 95-108.
Maguire J.A., Fleury, P.G. & Burnell, G.M. 1999. Some
methods for quantifying quality in the scallop Pecten
maximmus (L.). Journal of Shellfish Research, 18: 5966.
Mazón-Suástegui, J.M., García-Bernal, M., Saucedo, P.E.,
Campa-Córdova, A. & Abasolo-Pacheco, F. 2017.
Homeopathy outperforms antibiotics treatments in
juvenile scallop Argopecten ventricosus: effects on
growth, survival, and immune response. Homeopathy,
106: 18-26.
Mazón-Suástegui, J.M., Parres-Haro, M.A., Ruíz-Ruíz,
K.M., Rodríguez-Jaramillo, C. & Saucedo, P.E. 2009.
Influence of hatchery diets on early grow-out of the
Cortez oyster Crassostrea corteziensis in Sinaloa,
Mexico. Aquaculture Research, 40: 1908-1914.
Merlini, L.S., Vargas, L., Piau, R., Ribeiro, R.P. &
Merlini, N.B. 2014. Effects of a homeopathic complex
on the performance and cortisol levels in Nile tilapia
(Oreochromis niloticus). Homeopathy, 103: 139-142.
Mount, A.S, A.P. Wheeler, R.P. Paradkar & D. Snider.
2004. Hemocyte-mediated shell mineralization in the
eastern oyster. Science, 304: 297-300.
Moyano, D.F., Goldsmith, M., Solfiell, D.J., LandesmanMilo, D., Miranda, O.R., Peer, D. & Rotello, V.M.
2012. Nanoparticles hydrophobicity ditates immune
response. Journal of the American Chemical Society,
134: 3965-3967.
Murray, A.G., M. Marcos-Lopez, B. Collet & L.A.
Munro. 2012. A review of the risk posed to Scottish

Evaluation of immunomodulatory drugs in Argopecten ventricosus

mollusk aquaculture from Bonamia, Marteilia and
oyster herpesvirus. Aquaculture, 370-371: 7-13.
Nielsen, F.H. 2008. A novel silicon complex is as effective
as sodium metasilicate in enhancing the collageninduced inflammatory response of silicon-deprived
rats. Journal of Trace Elements in Medicine and
Biology, 22: 39-49.
Ortiz-Cornejo, N.L., Tovar-Ramírez, D., AbasoloPacheco, F. & Mazón-Suástegui, J.M. 2017. Homeopatía, una alternativa para la acuicultura. Revista
Médica de Homeopatía, 10: 28-34.
Oubella, R., Maes, P., Paillard, C. & Auffret, M. 1993.
Experimentally induced variation in hemocyte density
for Ruditapes philippinarum and R. decussatus
(Mollusca, Bivalvia). Diseases of Aquatic Organisms,
15: 193-197.
Pauletto, M., Milan, M., Moreira, R., Novoa, B., Figueras,
A., Babbucci, M., Patarnello, T. & Bargelloni, L. 2014.
Deep transcriptome sequencing of Pecten maximus
hemocytes: a genomic resource for bivalve immunology. Fish and Shellfish Immunology, 37: 154-165.
Phromkunthong, W. 2015. Effect of silica supplement on
growth performance and health condition of juvenile
shrimp. Aqua Culture Asia Pacific, 11: 43-46.
Prado-Alvarez, M., Lynch, S.A., Kane, A., Darmody, G.,
Prado, B.G., Martínez, P., Cotterill, J., Wonter-Smith,
T. & Culloty, S.C. 2015. Oral immunestimulation of
the oyster Ostrea edulis: impacts on the parasite
Bonamia ostreae. Fish and Shellfish Immunology, 45:
43-51.
Prado, S., Romalde, J.L. & Barja, J.L. 2010. Review of
probiotics for use in bivalve hatcheries. Veterinary
Microbiology, 145: 187-197.
Prego-Faraldo, M.V., Vieira, L.R., Eirin-Lopez, J.M.,
Méndez, J. & Guilhermino, L. 2017. Transcriptional
and biochemical analysis of antioxidant enzymes in
the mussel Mytilus galloprovincialis during experimental exposures to the toxic dinoflagellate
Prorocentrum lima. Marine Environmental Research,
129: 304-315.
Pruett, S.B. & Fan, R. 2009. Ethanol inhibits LPS-induced
signaling and modulates cytokine production in
peritoneal macrophages in vivo in model for binge
drinking. BMC Immunology, 10(1): 49.
Roe, J.H., Bailey, J.M., Gray, R.R. & Robinson, J.N.
1961. Complete removal of glycogen from tissues by
extraction with cold trichloroacetic acid solution.
Journal of Biological Chemistry, 236: 1244-1246.
Romero, J., Feijo, C.G. & Navarrete, P. 2012. Antibiotics
in aquaculture – use, abuse, and alternatives. In:
Carvalho, E. (Ed.). Health and environmental aquaculture. In Tech, Rijeka, pp 159-198.

Received: 16 May 2018; Accepted: 7 August 2018

77

Semenza, J.C., Trinanes, J., Lohr, W., Sudare, B., Löfdahl,
M., Martinez-Urtaza, J., Nichols, G.L. & Rocklöv, J.
2017. Environmental suitability of Vibrio infections in
a warming climate: an early warning system.
Environmental Health Perspectives, 125: 107004-1107004-12.
Sivasankar, P., John, K.R., George, M.R., Anushalini,
S.V., Kaviarasu, D. & Petchimuthu, M. 2017.
Prophylactics in shrimp aquaculture health
management: a review. Journal of Entomology and
Zoology Studies, 5: 1049-1055.
Smith, P.K., Krohn, R.I., Hermanson, G.T., Mallia, A.K.,
Gartner, F.H., Provenzano, M.D., Fujimito, E.K.,
Goeke, N.M., Olson, B.J. & Klenk, D.C. 1985.
Measurement of protein using bicinchoninic acid.
Analytical Biochemistry, 150: 76-85.
Stentiford, G.D., Sritunyalucksana, K., Flegel, T.W.,
Williams, B.A., Withyachumnarnkul, B., Itsathitphaisarn, O. & Bass, D. 2017. New paradigms to help
solve the global aquaculture disease crisis. Plos
Pathogens, 13: e1006160.
Song, L., Wang, L., Qui, L. & Zhang, H. 2010. Bivalve
immunity. In: Söderhäll, K. (Ed.). Invertebrate
immunity. Springer, New York, pp. 44-65.
Tran, S.T., Bowman, M.E. & Smith, T.K. 2015. Effects of
a silica-based feed supplement on performance, health,
and litter quality of growing turkeys. Poultry Science,
94: 1902-1908.
Vlahogianni, T., Dassenakis, M., Scoullos, M.J. &
Valavanidis, A. 2007. Integrated use of biomarkers
(superoxide dismutase, catalase, and lipid peroxidation) in mussels Mytilus galloprovincialis for
assessing heavy metals pollution in coastal areas from
the Saronikos Gulf of Greece. Marine Pollution
Bulletin, 54: 1361-1371.
Wang, L., Qiu, L., Zhou, Z. & Song, L. 2013. Research
progress on the mollusk immunity in China.
Developmental and Comparative Immunology, 39: 210.
Wang, W., Sun, J., Liu, C. & Xue, Z. 2017. Application of
immunestimulants in aquaculture: current knowledge
and future perspectives. Aquaculture Research, 48: 123.
Watson, R.R., Prabhala, R.H., Abril, E. & Smith, T.L.
1988. Changes in lymphocyte subsets and macrophage
functions from high, shorth-term dietary ethanol in
C57/BL6 mice. Life Sciences, 43: 865-870.
Wendling, C.C., Batista, F.M. & Wegner, K.M. 2014.
Persistence, seasonal dynamics and pathogenic
potential of Vibrio communities from Pacific oyster
hemolymph. Plos One, 9: e94256.
Zar, J.H. 2010. Biostatistical analysis. Pearson PLC,
London.

